inner lead. 

The lead frame of the second embodiment shown in 
rigs. 2a to 2e can be fabricated using an ecching method 
partially modified from that of Figs. 8a to 6e. That is, 
the tip 110A of each inner lead is formed to have a 
thickness smaller than that of the lead frame blank 610 
using the same method as that shown in Figs. 8a to 8e and 
used for the fabrication of the inner leads 110. The 
remaining portions of the lead frame except for the inner 
lead tips are formed to have the same thickness as that of 
the lead frame blank 810 using the same process as used in 
the formation of the outer terminal portions 120 shown in 
Figs. 8a to 8e. Thus, the lead frame of the second 
embodiment, in which only the inner lead tips have a 
thickness smaller than that of the lead frame blank, can be 
fabricated using an etching process. 

Where a semiconductor chip is mounted on the second 
surfaces 110b of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
device according to a second embodiment as described 
hereinafter, an increased tolerance for the connection by 
bumps is obtained when the second surface 110b has a 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in Tics. 9a to 
Se is used in this case. The etching method shown -n Fios. 
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9a to £e is the same as that of Figs. 8a tc Be ir. 
association with its primary etching process. After 
completion of the priraary etching process, the etcnir.g 
method is conducted in a manner different from that of the 
etching method of Figs. 8a to 8e in .that the second etchina 
process is conduced at the side of the first recesses 650 
after filling up the second recesses 860 by the etch-resist 
layer 880, thereby completely perforating the second 
recesses 660. The cross section of each inner lead, 
including its tip, formed in accordance with the etchino 
method of Figs. 9a to 9e, has a concave shape depressed 
toward the inside of the inner lead at the second surface 
110b, as shown in Fig. 5. 

The etching method in which the etching process is 
conducted at two separate steps, respectively, as in that 
of Figs. 8a to 8e or 9a to 9e, is generally called a "two- 
step etching method". This etching method is advantageous 
in that a desired fineness can be obtained. The etching 

♦ 

method used to fabricate the lead frame 110 of the first 
embodiment shown in Figs, la to Id or the lead frame of the 
second embodiment shown in Figs. 2a to 2c involves the two- 
step etching method and the method for forming a desired 
shape of each lead frame portion while reducing the 
thickness cf each pattern formed. In particular, the 
etching met hoc makes it possible to achieve a desired 
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fineness. In accordance with the method illustrated * r 
Figs. 8a to 8e or Figs. 9a to 9e, the fineness of the tio 
cf each inner lead formed b> this methcd ii dependent on 
the thickness of the inner lead tip. For example, where 
the blank has a thickness t reduced to SO Om, the inner 
leads can have a fineness corresponding to a lead width Wl 
of 100 Om and a tip pitch p of 0.15 mm, as shown in Fig. 
8e. In the case of using a small blank thickness t of 
about 30 Om and a lead width Wl of 70 Om, it is possible 
to form inner leads having a fineness corresponding to an 
inner lead pitch p of 0.12 mm. Of course, it may be 
possible to form inner leads having a further reduced tip 
pitch by adjusting the blank thickness t and the lead width 
Wl. 

Now, preferred embodiments of the present invention 
associated with a BGA type resin encapsulated semiconductor 
oevice will be described in conjunction with the annexed 
drawings. First, a first embodiment of a BGA type resin 
encapsulated semiconductor device will be described. Fig. 
<a is a cross-sectional view illustrating the BGA type 
resin encapsulated semiconductor device according to the 
first embodiment. Figs. 4b and 4c are cross-sectional 
views taken in the direction of the thickness of the 
semiconductor device to illustrate one inner lead tip and 
one outer lead portion, respectively. In Fios. 4a to 4c, 
the reference numeral 200 denotes the semiconductor device, 
211 electrode portions (pads), 220 wires, 240 a resin 
encapsulate, 250 reinforcing tapes, 260 an insulating 
adhesive, and 270 terminal portions, respectively. The BGA 
type resin encapsulated semiconductor device is fabricated 
using the lead frame according to the first embodiment . In 
this BGA type resin encapsulated semiconductor device, 
terminal portions 27C, which are made of solder and adapted 
to connected to an external circuit, are arranoed in a two- 
Qimensior.al fashion on respective surfaces cf outer 
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terminal portions 120 included in the lead frame 
first embodiment, a semiconduct or chip 220 is fixedly 
attached to the first surfaces 110a of inner leads 110 bv 
means of an insulating adhesive 260 at its surface formed 
with electrode po-ticns (pads) 211 in such a fashion that 
the electrode portions (pads) 211 are interposed between 
facing ones of the inner leads 110. Each electrode portion 
(pad) 211 is electrically connected to the second surface 
110b of an associated one cf the inner leads 12 0 by means 
of a wire 220. The semiconductor device of this first 
embodiment is encapsulated by a resin encapsulate 240 
having a size substantially same as that of the 
semiconductor chip. This semiconductor device is a 1 so 
called a "CSP .(Chip Size Package)". Since the tip of each 
inner lead 110 connected with the semiconductor chip by the 
associated wire 220 has a thickness smaller than that of 
the lead frame blank, the semiconductor device can have a 
thin structure. 

The inner ieads 110 of the lead frame used in the 
semiconductor device of this first embodiment has a cross- 
sectional shape as shown in Fig. 10(-f)a. The inner lead 
110 has an etched flat surface (second surface) HOAb which 
has a width Wl slightly more than the width W2 of an 
opposite surface llOAa (first surface). The widths Wl and 
W2 are more than the width W at the central portion of the 
inner lead when viewed in the direction of the inner lead 
thickness. Thus, the tip cf the inner lead has a cross- 
sectional shape having opposite wide surfaces while having 
a third surface HOAc and a fourth surface 210Ad with a 
concave shape depressed toward the inside of the inner 
lead. By virtue of such a structure, a stable connection 
and an easy bonding are achieved in either case in which 
the inner lead tip 110A is wire-bonded to the semiconductor 
chip (not shown) at its first surface llOAa or its second 
surface HOAb. In the illustrated case, however, the 
etched surface (Fig. 10(<)a) is used as a bonding surface. 
In the figure, the reference numeral HOAb denotes the flat 
surface (second surface) formed by an etching process, 
llOAa the surface of the lead frame blank (first su-face) 
1020A wires, and 1021a plated portions, respectively. 
Since the etched flat surface llOaB (second surface) is not 
rough, it exhibits, a superior aptitude for connection 
(bonding) in the case of Fig. 20(D)a. Fig. 20('M 
illustrates the connection (bondinc) of the inne- ^ad t ; p 
10203 of the lead frame f abricated'm accordance with an 
etching method shown in Fig. 12 to a semicor.duct cr chip 
(r.ct sr.own). In this case, the inner lead t:p 1C105 is 
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flat at both surfaces thereof. However, the surfaces cf 
the inner lead tip 10103 have a width not more than the 
width defined between them in the thickness direction. 
Since both the surfaces are portions of the unprocessed 
surfaces of the blank for forming this lead frame, : V; 
aptitude thereof for connection (bonding) is inferior to 
that of the etched flat surface of the inner lead tip in 
accordance with this embodiment. Fig. 1 0 ( — ) illustrates 
the tips 1010C and 1010D of inner leads formed in 
accordance with an etching process after being processed to 
have a reduced thickness and then subjected to an etching 
process and then connected to a semiconductor chip (not 
shown) . Since the surface of each inner lead tip, at which 
a pressing process is conducted, is not flat, as shown in 
the figure, the tip is unstable during a connection 
(bonding) process, which may cause a problem in the 
reliability of the semiconductor package, as shown in Figs. 
10(")a and 10{- )b. In the figures, the reference numeral 
lOlOAb denotes a coining surface, and the reference numeral 
lOlOAa denotes a lead frame blank surface. 

A second embodiment of the present invention 
associated with a BGA type resin encapsulated semiconductor 
device will now be described. Fig. 5a is a cross-sectional 
view illustrating the BGA type resin encapsulated 
semiconductor device according to the second embodiment. 
Figs. 5b and 5c are cross-sectional views taken in the 
direction of the thickness of the semiconductor device to 
illustrate one inner lead tip and one outer lead portion, 
respectively. In Figs. 5a to 5c, the reference numeral 200 
denotes the semiconductor device, 210 a semiconductor chip, 
212 bumps, 240 a resin encapsulate, 250 reinforcing tapes, 
and 270 terminal portions, respectively. The BGA type 
resin encapsulated semiconductor device is fabricated using 
a lead frame made of a nickel-copper alloy containing 42% 
Ni to have a thickness of about 0.15 mm and processed to 
have the same shape as that in the first embodiment of 
Figs, la and lb in accordance with an etching process of 
Figs. 9a to 9e while having, at the entire portion of each 
inner lead, a thickness smaller than that of a blank for 
the lead frame. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on cne surface of 
the semiconductor device. In this second embodiment, a 
semiconductor chip 210 is mounted near the tics of the 
inner leads 110 by means of bumps 212. Where' the strength 
of the inner leads is insufficient cue to a thin structure 
of the lead frame, the semi cer.suct cr chic 21C rr.av be 
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attached to the lead frame ever the entire per- • o- 

lead frame. * " " _ *" e 

The inner leads 110 of the lead frame used in 
semiconductor device of this second embodiment has a -cress 
sectiona.l shape as shown in Fig. lOf-f jb. The inner lead" 
110 has an etched flat surface (second surface) llOAbwr^c 
has a width W1A slightly more than the width K2A c* a- 
opposite surface. The widths W1A and K2A (about "00 O-- 
are more than the width WA at the central portio- o* t-"e 
inner lead when viewed in the direction of the inne- lead 
thicxness. Thus, the tip of the inner lead has a crcss- 
sectional shape having opposite wide surfaces. The fir«=- 
surface HOAa is flat whereas the second surface UOAb has 
a concave shape depressed toward the inside of the inner 
lead. The third and fourth surfaces HOAc and ^OAd a ' so 
have a concave shape depressed toward the inside of the 
inner lead. Sy virtue of such a structure, a stable and 
easy cenneer ion at the second surface llOAb is achieved 
The semiconductor device according to this second' 
embooiment uses the lead frame fabricated in accordance 
with the etching method of figs. 9a to Se while having a 
thickness smaller than that of the lead frame blank at the 
entire portion of the inner lead thereof. The lead frame 
a. so has a concave shape depressed toward the inside of the 
inner lead tip at the second surface 110b of the inner lead 
HO inducing the tip. By virtue of such a lead frame 
structure, an increased tolerance for the connection by 
bumps is ootained. 

A third embodiment of the present invention 
associated with a BGA type resin encapsulated semiconductor 
device will now be described. Fig. 6a is a 'cross-sectional 
view illustrating the BGA type resin encapsulated 
semiconductor device according to the third embodiment. 
Figs. 6b and 6c are cross-sectional views taken in the 
direction of the thickness cf the semiconductor device to 
illustrate one inner lead tip and one outer lead portion, 
respectively. in Figs. 6a to 6c, the reference numeral 200 
denotes the semiconductor device, 210 a semi ccr.d-— c- 
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211 wires, 220 a conductive adhesive, 270 
portions, 280 a protective frame portion, and 290 an 
adhesive, respectively. The BGA type resin encapsulated 
semiconductor device is fabricated using a lead frar.e 
having a die pad along with the lead frame structure cf he 
first embodiment. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on one surface of 
the semiconductor device. The lead frame used in this 
second embodiment is fabricated using the etching method of 
Figs. 8a to 8e according to the first embodiment to have a 
thickness smaller than that of the lead frame blank at the 
entire portion of the inner lead and the die pad 130. This 
lead frame is the same as that of the first embodiment in 
terms of the used blank and shape, except for the die pad 
.130 and portions associated with the die pad 130. in the 
semiconductor device of this third embodiment" the die pad 
130 has a size allowing it to be received between facing 
electrode portions (pads) 211 of the semiconductor chip 
210. The semiconductor chip 210 is mounted on the die oad 
130 in such a fashion that its surface provided with the 
electrode portions (bumps) 211 directs in the same 
direction as the second surface 11 0b cf each inner lead 110 
under the condition in which the surface provided with the 
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electrode portions 211 is attached to the die pad 130 bv 
means of a conductive adhesive 260. The electrode portions 
(bumps) 211 are electrically connected to the second 
surfaces 110b of the inner leads 110 by means of wires, 
respectively. By virtue of such a structure, the 

semiconductor device of this embodiment can have a further 
thinned structure, as compared to that of the first 
embodiment or fourth embodiment. The reason why the 
conductive adhesive is used in this embodiment is to 
dissipate heat generated in the semiconductor device 
through the die pad. Where terminal portions are provided 
at the lower surface of the die pad for a connection to a 
ground line, it is possible to more effectively dissipate 
heat. A protective frame portion 280 is mounted by means 
of an adhesive 290 to cover the peripheral portion of the 
semiconductor device. This protective frame portion 280 is 
used where the semiconductor device has an insufficient 
strength due to its thinned structure. Accordingly, the 

♦ 

protective frame portion 280 is not an essential element. 
In this embodiment, the die pad and semiconductor chip are 
connected together by means of the conductive adhesive, as 
mentioned above. Accordingly, where the die pad is 
connected to a ground line, it is possible to not only 
obtain a heat dissipation effect, but also to solve a 
problerr. associated with noise. 



vl 36 



K-SifP VSbilHi vl 
5-6206 



A fourth embodiment cf the present invention 
associated with a BGA type resin encapsulated semiconductor 
oevice will now be described. Fig. ?a is a cross-section*! 
view illustrating the BGA type resin encapsulated 
semiconductor device according to the fourth embodiment. 
Figs. 7b and 7c are cross-sectional views taken in the 
direction of the thickness of the semiconductor device to 
illustrate one inner lead tip and one outer lead portion, 
respectively. m Figs. 7a to 7 C , the reference numeral 200 
denotes the semiconductor device, 210 a semiconductor chip, 
211 pads, 220 wieres, 240 a resin encapsulate, 250 
reinforcing tapes, 260 a conductive adhesive, and 270 
terminal portions, respectively. The semiconductor device 
of the fourth embodiment is a BGA type resin encapsulated 
semiconductor device fabricated using a lead frame made of 
a nickel-copper alloy containing <2% Ni and processed to 
have the same shape as that in the third embodiment in 
accordance with an etching process of Figs. 8~a to 6e while 
having, at the entire portion of each inner lead and its 
die pad 130, a thickness smaller than that of a blank for 
the lead frame. In this BGA type resin encapsulated 
semiconductor device, terminal portions 270, which are made 
of solder and adapted to connected to an external circuit, 
are arranged in a two-dimensional fashion on one surface of 
the semiconductor device. The die pad 130 has a s.ze 
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larger than that of the third embodiment, but substantially 
equal to that of the semiconductor chip 210. The 
semiconductor chip 210 is mounted on the die pad 130 in 
such a fashion that its surface provided with the electrode 
portions {bumps) 211 directs in the. same direction as the 
second surface 110b of each inner lead 110 under the 
condition in which a surface opposite to the surface 
provided with the electrode portions 211 is attached to the 
die pad 130 by means of a conductive adhesive 260. The 
electrode portions (bumps) 211 are electrically connected 
to the second surfaces 110b of the inner leads 110 by means 
of wires, respectively. 

All the semiconductor devices of the first through 
fourth embodiments use a two-step etching method shown in 
Figs. 8 or 9 and have a thickness smaller than that of a 
lead frame blank used at at least its inner lead tip. 
Accordingly, these semiconductor devices achieves a further 
increase in the number of terminals, as compared to 
conventional BGA type resin encapsulated semiconductor 
devices using a lead frame as a core, as in Fig. 12. Since 
the tips of the inner leads have a thickness smaller than 
that of the lead frame blank, it is possible to fabricate a 
semiconductor device having a thinned structure. 

[ZTTZZ7S OF THE INVENTION] 
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As apparent from the above description, the le&z 
frame of the present invention is fabricated using a two- 
step etching process in such a fashion Lhac it has a 
thickness smaller than that of a lead fram* blank used at 
its inner lead tips. The present invention makes it 
possible to provide a BGA type resin encapsulated 
semiconductor device capable of achieving use of an 
increased number of terminals by arranging outer terminal 
portions in a two-dimensional fashion on a lead frame 
surface, as compared to conventional BGA semiconductor 
devices using a lead frame processed in such a fashion that 
it has the same thickness as that of the lead frame blank 
at the tips of inner leads thereof, as shown in Fig. 12. 
The BGA type resin encapsulated semiconductor device of the 
present invention is fabricated using the above mentioned 
lead frame of the present invention. Accordingly, the BGA 
type resin encapsulated semiconductor device can have a 
thinned structure while having an increased number of 
terminals. Thus, the present invention provides a BGA type 
semiconductor device using a lead .frame. 



W-5599 US 
5-82C7 



JaPaaCS * l-id-pp.„ Publication Mo. 



[TITLE OF THE INVENTIONJ 
RESIN-ENCAPSULATED SEMICONDUCTOR DEVICE 
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[CLAIMSJ 
1. 



A resin-encapsulated CSP type semiconaucto . 

deV1 « in » Uad frame £haped 

pea ln accordance with a 

r* etchin9 proce - in such • — «« . 

it;; ie,ds u thinner :han th - - - - ----- - 

tnat it is substantially -h* 

V ^ he same as that of a 

1COTdUCt0r «*> *» <- inc:uain , : 

-ne, Uads having . thiclmess s|Mner ;han 

■lead frame blank; 

terminal columns having the sam* rK- „ 
the I..- , thackness as that of 
the leaa frame blank and being inteorai i 

inner integrally connected to the 

leads and also being adapted to be electrical!, 
connected to an external circuit; " 

the terminal columns being disposed outside of the 

inner leads in a „• P * t0 the 

'eads m a direction orthogonal to a thi^ 
di-ection thickness-wise 
- ectl °n thereof, the tor»i. , 

- he . . inal COlumns counted on 

-he surface opposite the surface „, k , 

:he seTico • ° f the Iead frame ^ which 

semiconductor chiD <c ~ 

* -« mounted, the terminal co l umns 
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having terminai por£io „ s arranaed on their ^ 

the ter*i„. a portions bei „ 9 made of seider< e ^ ^ 
expose, . xttr „. lly through the e „ capsulatin9 tesin 
"at the ter n i„ al columns .„ 

the encapsulate, resin at their outer sides, a „d 

the semiconductor chip at ita aurfac. h.vin, electrode 

inauxatin, adhesive, and the eiectrode portions b ei„ 9 

arranged between the inn 0 . i 

the inner leads and being electrical^ 

connected to tiDs + 

tips of the inner leads by wires. 



A resin-encapsulated CS*> 

r ca. type semiconductor 

'"ice in „ hlch . Uad £rame shapea ^ m ^ 

--step etchin, process in such a Mnn .r that a thic.ness 
XD of inner leads i * 

" -th an encapsuiatin, reain in such a 

that it is suhst.nti a u y the s.a, aa that or a 
. ..^conductor chip i„ sl «, the le . d ^ 

lead frame blank; 

terminal columns havino zhe samo -v.- . 
the > eS H , thickness as that of 

tne lead frame blank and be<no i„, 

n ° *>e_ng integrally connected to the 
^ner leads and also beino *h 

° 9 ad8pted « ^ electrically 
connected to an external circuit- 

the -erminal columns hp-r« ^ • 

be.ng disposed ovzsid of zhe 
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direction thereof .-v. 

tnereof, the terminal columns 

iUinns being mounted on 
the surface opposite the lead f Mmo 

fraine su -^ace on which the 
semiconductor chip is mounted , the tern,* , 

' the -terminal columns beiro 
exposed externally through the encapsulating resin at a 

Portion of the tips thereof to serve as tern,- , 

r ht > + ■ 85 tern >mal portions, 

the terminal columns being exposed external!, k 

externally through the 

encapsulating resin ar i-h- 

9 " " the outer ^des thereof; and 

the semiconductor chip at its surface having electrode 

insulating adhesive, and t K , 

c ' ana the elprrr^. 
electron electrode portions being 

electrically connected to tips D * tho • 

"Ps o. the inner leads by wires 



The resin-encapsulated rep * t . 
device, of ciaim , , "" icOT ="«=«« 

- «h. , Miconductor chip is _ 

th^t- *.ucn a manner 

that electrode portions thereof .„> 

innar , hereof are arranged between the 

inner leads and the die pad. 

4 - A resin-encapsulated CSP -vn. 

which a ,.. d f ^ h ^ —* c —«or device i„ 

-ad __ame shaped in accordance with a two-s^eo 
etching process in such a «,,„ 

leads is th - " th3t 3 thiCkne " of ^"er 

J «ads is thinner than that o* - h . , „ , 

°- .he lead frame and wh'ch <« 
encapsulated with an encaosula-- • • 

Psula^.ng r sin in such a manner 
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that it i s substantially the same as that of 

semiconductor chip in size, the lead frame including: 

inner leads having a thickness smaller than that of * 
lead frame blank; 

terminal columns having the same thickness as that of 
the lead frame blank and being integrally connected to the 
inner leads and also being adapted to be electrically 
connected to an external circuit; 

the terminal columns being disposed outside of the 
inner leads in such a manner that they are coupled to the 
inner leads in a direction orthogonal to a thickness-wise 
direction thereof, the terminal columns being mounted on 
the surface opposite the surface of the lead frame on which 
the semiconductor device is mounted, the terminal columns 
having terminal portions arranged on their tips; 

the terminal portions being made of solder, etc. and 
exposed externally through the encapsulating resin such 
that the terminal columns are exposed externally through 
the encapsulating resin at the outer sides thereof; and 

the semiconductor chip being mounted on the inner 
leads by bumps arranged on one surface of the semiconductor 

chip, and the semiconductor C *< D h»i„„ 

cni P being electrically 

connected to the inner leads. 
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resin-encapsulated CS? type semiconductor 
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device in which a lead frame shaped in accordance with a 
• two-step etching process in such a manner that a thickness 
of inner leads is thinner than that ,f the lead frame and 
which is encapsulated with an encapsulating resin in sue* a 
manner that it is substantially the same as that of a 
semiconductor chip in size, the lead frame including: 

inner leads having a thickness smaller than that of a 
lead frame blank; 

terminal columns having the same thickness as that of 
the lead frame blank and being integrally connected to -he 
inner leads and also being adapted to be electrically 
connected to an external circuit; 

the terminal columns being disposed outside of the 
inner leads in such a manner that they are couoled to the 
inner leads in a direction orthogonal to a thickness-wise 
direction thereof, the terminal columns being mounted on 
the surface opposite the surface of the lead frame on which 
the semiconductor device is mounted, the terminal- columns 
being exposed externally through the encapsulating resin at 

a portion of tips ther eof to se^ve as , 

se.ve as terminal portions; 

and 

the semiconductor chip being mounted on ^ 
l«ds by bumps arranged on sjrface ^ ^ 

semiconductor chip being elec-rO.M 

y eaec.rica.ly connected to the 

inner leads. 
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Th. resin-encapsulated est type semiconductor 
device of any of claims ! to 5 . „ herei „ ^ ^ ^ 

each have a rectan S ul.r cross-sectional shape inci , iin9 
four faces respectiveiy provided with a first sur£sce> a 
second surface, a third surface, and a fourth surface, -he 
first surface oein, opposite to th. second surface and 
flush with one surface of the regaining portion of the 
inner lead h,vi„ g tne same thickness as ^ ^ ^ ^ 

frame blank, and th. third and fourth surfaces each havin, 
• concave snap. d .pressed toward the insid. of th. i„„. r 
lead. 



f DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD OF THE INVENTION] 

The present invention relate » 

relates to a resin-encapsulated 

semiconductor device eepahl. of meeting th . requirement for 

•n increase in the numter „ f ^ _ ^ 

miniaturized structure anrt -k 

ucture and thus an excellent mounting 

efficiency. More particularly -k 

particularly, the present invention 

relates to a resin-encapsulated semiconductor device 

1Cad POrti ° n 15 thi — *» - thicta... th an a !ead frame 
blank. 
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[DESCRIPTION OF THE PRIOR ART] 

wg. 11. shows the configuration of a generany kRowr 

resin-encapsulated semiconductor device f . plastic lead 

*~ P^age,. The shown resin-encapsulated semiconductor 
device includes a die Dad 111 i k» • 

P 11 haVlng a semiconductor chip 
1120 mounted thereon, outer leads to be , 

as to be electrically 
connected to the associated circuits inn. 

CUits ' inner leads 1U2 

«~ int . 9r . lly uith th . outer Jeads 1113< bonding ui ; es 

30 for ele „ rlc . Uy connectin? ^ ^ ^ 

-P a„ d a resin encapsulsti „ 9 the semiconductor cm 

to P ro "«« the semiconductor chip l^n , 

Cnip 1120 fr °m external 

stresses and contaminants. This ,.„■ 

Thas "sin-encapsulated 

semiconductor device 

' aft6r m ° Untin 9 ^e semiconductor 

ice 1120 on the Ending pad 1121 is M * 

is manufactured by 

encapsulating the senn™^ 

in rh- ^conductor chip „ 20 with the resin 

this resin-encapsulated semiconductor device the n „ 
of the inner leads U « • ' 

P "21 of the semiconductor chip „ 20 . And , Fig 
shows the config uration c , a monol llb 

m ° n0layer Iead -'-'ame used as 
an assembly member of the resin 

device h "^-encapsulated semiconductor 

device shown in Fig. Such 

. .. Cn a lead f rame includes the 

bonding pad im for mounting 

" 9 the semiconductor chip, the 
^ner leads 1112 to be «o 

^•"rically connected to the 
semiconductor device, the «... 

^ outer lead 11:3 which is integral 
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with the inner lead 1112 and is adapted to be electrical:-, 
connected to the associated circuits. This also includes 
dam oars serving as a dan. when encapsulating the 
semiconductor device with the resin, and a frame serving to 
support the entire lead frame 1110. Such a lead frame is 
formed from a highly conductive metal such as a cobalt, <2 
alloy (a 42% Ni-Fe alloy,, copper-based alloy by a pressing 
working process or an etching process. 

Recently, there has been growing demand for the 
miniaturization and reduction in thickness of resin- 
encapsulated semiconductor device employing lead frames 
like the lead frame 1110 (plastic lead frame package) and 
the increase of the number of terminals of resin- 
encapsulated semiconductor package as electronic 
apparatuses are miniaturized progressively and the degree 
of the integration of semiconductor device increase 
Progressively. Thus , recent resin . encapsulated 

semiconductor package, particularly ~ quad . plate 
Package (Q rPs, and thin guad flat packages (TQFPs, have each 
a greatly increased number of pins. 

Lead frames having inner loads arranged at small 
Pitches amen, lead frames for semiconductor packages are 
fabricated by a photolithographic etching process, while 

lead frames having inner leads a-r*n-oo 

U5 arrange© a: comparatively 

large pizzhes among lead *-am*c *~ 

y " a --ames for semiconductor packages 
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are ,a br ,ca ted by pre „ ^ ^ 

'omin, seKieonduetor packages a ^ ^ - 

Pins .« fabriclted by subjectinj a Mink o; ^ tMe ^- - 

tne order of 0 mm 

0.25 „ to an etching proces ^ 

working. • " ss 

r he etching process for fonning a 

inne, , eads uill be dascribad herein>fteI 

reference to Fio in r.. _ 

FX9. 10. Fir.t a copper a„ oy or 42 . 

=he« »10 of a thickness m 

* e * °* °-25 mm (blank 

- a ,e ad , rame , is cleaned perfac;;y (rig _ ^ 

photoresist, such « , 

• such as a water-soluble ca<!siB w 
• casein photoresist 

confining potassium dichromate as a sensir- 
sor^H • u sensitive agent, is 

spread in photoresist fil ms 1020 over 

■ LU ^ U over ^e ma;,or surfaces of 

" he thln film as shown in Fig. 1 0b Then k 

fi . g ' * 0b - Then ' the photoresist 

^ a " CXP0Sed ' through a mas* of a p re det e • 
Pattern, to li ght emitted fcy a P-etermmed 

- thin sheet is i — ^ 

-elopment to fori a " 8 '~ 

for™ a patterned photoresist fii m 1030 as 
shown in Fig. i 0c Th. n 

"eed be, to a hardening orocess * 

such an* k 8 WaShin9 P roc «s and 

such, and then an etchanr 

Dri . ' COntai ^"9 ferric chloride as a 

Principal component is Spraw>H 

.„ . P '- he thin sheet 1010 

etch through portions of the -h 

wi. h Sne6t 1010 coated 

wiwn .he patterned photores- s- *m m - 0 , n 

Sw -- Iras * 020 so that inne- 
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>«ds o, predetermined si „ s ano . aM 

in Fig. I0d. •' 
Then. th. patterned resist ri llu are r 

Patterned tMn sneet ao,0 is wasHed to co„ pi ete a ,.ad 
.avi„ 9 th . inner iMds of dKired shapes ^ ^ _ 

*ig. 13e. Predetermined areas of the l earf , 

o- tne lead frame thus for-.e* 
»y the etching process *r- a - ■ >. 

9 Process are silver-plated. After beino 
washed and dried an ,hk. • 9 

' " 3dheS1Ve POl ^ mide tape is stuck to 
the inner leads for fiv af ,- rtri 

X3tl0n ' P" d «ermined tab bars a*- e 
when need be, and the die pad depressed. In the 

■•he direction of m*, *w ■ 

01 the thickness and diree-i™* 
to thp ecaons Perpendicular 

otft the ma 3 or surfaces as shown in r io 10 H . 
etching process , it is n " i9 - 
linc . and SSld ' Wh6n the i«C frame has a 

-mn r r - • — - 

• thiotaM. of the thi ran9e " 50 t0 10?% " «" 

the oute / rr ° m VieWP ° int ° f 

the outer lead having a suffice 

thi^ su «".ent strength, generally, the 

thickness of the rh<~ ^ 

the thin sheet must be about 0 125 » 
fl k ftva _ . ut mm or 

above. Furthermore, the width of th. « 

f the lnner le ads must be in 

-he range of 70 to 80 Zm ^ 

_m tor successfu 1 wi-e k«~w 
the *«*u_ wi.e bonding, when 

the etching process as ill us -. a . w . 

-"»»-lusu rated in in »■ - 

in "* 9 ' 10 ls employed 

n - a =-icatmg a lead '- arro 

a thin sheet of . smaU 
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thickness in the range of 0.125 to 0 15 ™n < 

~° u - 15 is usee an 
inn.r leads ara foraed by « ching ^ ^ ^ ^ 

thereof are arra „ 9ed „ , ^ ^ ^ ^ ^ 

However. r ecent miniature re sin-en= ap su: a: ed 
semiconductor package reguires inoer leads ^ 
Pitches In th . range 0£ „ o ^ ^ f ^ 

0.1« «. When a lead freme i. f abricated by proc „ sln9 a 

thin sheet of a reduced thickness , ha 

tnicjcness, the strength of the 

outer leads of such a * 

such a leed freme is not large enough to 

"thstend ext.rn.l forces that m ay be app , ied thereto .„ 
the subseguent processes including an assembling process 
«d a chip anting p„ cess . Sccordingly , t „, r , ^ , 
to the reduction of th. thic k „ess of the thin sheer to 

en a ble the febri ca tion of a minute I..* , 

minute lead frame having fine 

leads errenged « very sm a il picchas by 

An e tching mathod previousiy propojed ^ 

difficulties sublets . thin sheet to a „ proe .„ 

. 1«- fr.me a ft.r reducing the thiCn.ss of. P ortion s 
- the thin sheet corres P ondi„, to th. i„„. r Jeads of tl) . 

lead frame bv half 

y nair etching or nrpcci * 

y ' pressing to form the fine 

lnn " l6adS ^ 6tChi " 9 — Educing the strength of the 

17 H ° WeVe " ~ — • i» accuracy in the 

subsequent processes when the ^ead , 

-eaa _.ame - s formed by 
etching after reducing the -,«„,, 

9 the - hick "«« of the portions 
corresponding to the inne- • 

mne_ .eaos by pressing; for example. 
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the smoothness of the surface of , 

ace of -he plated areas < s 

unsatisfactorv fK,, .• 

ory, the inner leads cannot be formed a 

flatness and a dimensional accuracy required to , 

, y required to clamp the 

lead frame accurately for h™*< 

eiy for bonding and molding, and a 

Platemaking process m ,,c k 

process must be repeated twice making the lead 

fabricating process intricate, it is also 

1S al «° necessary - 0 
repeat a platemaking process t u ,v. u 

Process twice when the thickness of 
. PortIons ef the t „ in shMt correspondins ^ 

which also makes the * 
nas not yet been applied t« 

[SUBJECT MATTERS TO BE SOLVED BY THE IN VE N T:o N) 
Meanwhile, there h*- w 

m<„,- electronic apparatuses are 

-matured progressively. Thus , . 

"CSP" (Chip size Packaoe, is pro ' "° 

with a in Pr ° POSed WMCh iS —P3ulated 

ln SUCh * manner that its si 2e • 
substantially equal to that 0 - th. 

CSP has the f „ ■ semiconductor chip. The 

*- has the following advantages. 

1 J First, where the number a* ^ . 
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to that of QFP (Quad riad Pa-kao*, 

Parage) or BGA (Sail Grid 
Package), the CSP enables a -ema-kabi* 

-ema_kable reauction in the 
hunting area as compared to the QFP or BGA. 

2) Second, if the CSP < s eo „ a i • 

1 «... the csp u • °" ° r 33A in 

" lnCre " ed *» «*• ^ "u^er over th . 0 „ 
or BGA. i„ the ca 

is ,0 „ , Practice use dim «„ i0! , 

- or Us, u „e„ ce» slderi „ s th . len9th . f ^ 

°- su bst rate. and the pi „ number ^ ^ ^ 

outer leads ar P -» 

are arranged at a pitch of 0.5 mm. xhe ^ 

-ads need to be arranged at a pi tc , of 0 , 
-nc.ease the pin number, but -hi, r- 

in m chlS Causes a «ser difficulty 

in mounting the ^ 

9 ^ semic ^uctor package 

Productivity. Generally in fabr - 9 
- h . „ fabr.cat.ng the QFP in which 

»»ne out e *• lo^w*. ~ ,J 
• leads are arranged at a pitch of o * 

*k or °- 3 «■» or less 

the mass production of the 0 r» 

increase ■ necessarily i nvoIves fin 

mc.ease in costs, otherwise the mafi . 

tn e mass Drodur-i*<i^ 
difficult. The Bra Production ls 

BGA was proposed to overco™ 
*<**i * ov ?rcome such a 

difficulty of th* nr» * 

in tne s ^pe of two-dimensional 

, f . ... " fl y* and arranged 

a w ider pitch , tnereby r a 9 

it. Moreover, although the BGA n • 

overall „ * the co ^entional 

overall reflow soldering even ar rK 

a even at the pin number in ex™.* 
of 300 pins, solder bumos are • 

™>s are incorporated with clack, 
depending on the temperature cvcle •< -he dl 

BGA reaches 30 to < 0 ,nm " ^ ° f the 

Uw " -hat an -upoer 1 ^m- ~ 
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the pin number of the EGA is 600 to 700 pins o~ - „ 

1000 pins, m the case of the cs* in wh . „ 

tne csp m which externa' 

terminals are mounted in the shape of two *■ 

ape or two-dimensional 
array on the back surface of the CSP 

«-ne isr, pitches of the 

external terminals can be increase «„ 

increased an accordance with -h- 

concepts of the EGA. Moreover, in the CSP th 

tne csp, the overall 
»fl~ solderi „ 3 ca „ be pern , itted _ ^ in 

»> Third, as co„ par ed to the 0FP or BSA _ tfc# ^ ^ 
—« in an i„ terconnection length . and thus ^ ^ ^ 
P«.««le capac it a„ce. ,„ a thereby ; „ ^ 

Wh " e " OCk '«« " - of ,00 MHz" 

2 OTP is problematic lB t .. nsf#r into pacfca9e _ ^ 

-'in, . shortened lnterconn . CUon ungth ^ 

advantageous. Accordingly -h* r» , 

ngiy, .he CSP is advantageous in view 

of the mounting efficiency, buc iz needs Co fae 

the terminal pitch when considering a demand for an 

increase in the number of terminals. 

Thus, the present invention < s ai™* + 
. ion - s aimed to provide a 

resin-encapsulated semiconductor devir- 

t0r device ^Ploying a lead 
frame, which is capable of mee-ino * m 

meeting a demand for the 

miniaturization and increased r.««- , 

j-nc.eased terminal number. 

(MEANS FOR SOLVING THE SUBJECT MATTERS ) 

A r esin-encapsu2ated *~ • 

P u-ated semiconductor device in 

accordance with the D . ese .. . 

u.eser.w invention i 



s a resin- 
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encapsuiateo CSP type semiconductor device in which . ,„ 
frame shaped in accordance wU „ , 

- . manner that a thickness o, innex ieads is thinner tha „ 

that of the lead frame and which , 

wnicn as encapsulated with an 

.ncap.-i.tino ~*» 1» -oh a . manner that it <, 
.ub.tan.iauy the same a. that of a aemiconouctor Ohio in 
"re. the iead frame including: inner ie.d. having a 
thicKne.s .mailer than that of a iead frame oian k , and 
tarminai ooiumn. having the .ame thickness a. that of the 
lead frame blank and bein , ^ ^ 

— r iead. a „ d also being ^ ^ ^ 

connected to an external circuit.- the terminai ooiumn. 
being di.po.ed outaide of the inner iaad. in such a manner 
"at the, C o upled t . t „. ^ ^ ^ _ 

orthogonal to thickness-^, dir . c:i0 „ ^ 
f-minai ooiumn. h«i„ g mount. d on the surface oppo.ita the 
aurfaca on which the .emiconouctor chip u bunted, the 
terminal columns having terminai portions arranged on their 
"P- "a terminai portions bain, made of soid.r. etc. and 
exposed externally through the enc.psui.tin, resin such 
«*.« the terminai ooiumn. are expose, externally through 

the encapsulating res in a , fk • 

ln ac their o«ter sides; the 
semiconductor chin at- ir- 

-P at xts surface having electrode portions 

(pads) being mounted on -he <nnor , ^ 

whe inner leads by means of an 

insulating adhesive 

' and the » 1 (>'"^« 

e " e °°e portions being 
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electricaUy connected to tips of the inner i.ada by w ,.„ 

Moreover, a resi„-encaps ul ated semiconductor device in 
accordance „ itn the prese „ t ^ ^ ^ 

encapauiated CSP type ae„icond U ccor davic. in „„ iC n a ,„"„ 
*»-. shaped in accordance „i th . two . step ^ 
in a manner that a thickness or inner ie.ds i. dinner than 

that of the lead frame and which is , 

wnicn is encapsulated with an 

encapsulating resin 

9 resin in such a manner that it is 

substantially the same as that c* a „ 

tnat cf a semiconductor chin in 

size, the lead fra me including: i nner l eads having a 

thickness smaller than that o* a lead * 

o. a lead frame blank; and 

terminal columns having the sam* ^ 

ing the same thickness as that of the 

iead frame blank and h-,- — 

and being integrally connected to the 

inner leads and also being adaoted - D be 

* • eo w ° be electrically 

conn d „ ,„ externai ^^^^ ^ 

-an, deposed oocsid. or the inner ie.ds in SUC h a m .„„ er 

" they *" » »«*. in a direction 

orthogonal to «.K4_i. 

* «°* to thickness-wise direct- i«„ 

airection thereof, the 

~U co 1UTOls hein, runted on the s U r,.c. oppoait. the 

fr.„e sorr.ce on ^ ^ 
aounted. , h e t . Iminal 

... oe.ng exposed externally 

through the encapsulating resin 

- "sm at their outer sides; the 
semiconductor chip at its surface h^,. , 

U * face h avmg electrode portions 
'Pads) being mounted on th B < 

. inn " by means of an 

-nsuiatir.g adhesive, and 

a "<* the electrode portions being 
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arranged between the in „ er and _ 

r „ ^, ^ C " rica - I y connected 

to tips of the inner leads by wires. 

In the resin-encapsulated cvsd - 

. , F Sted CoP type semiconducto- 

devices as described above, the * 
S lead frame has a die oa" 

5 and the semiconductor ehi~ ■ 

their el " m ° Unted ^ SUCh 3 ~ 

tneir electrode portions , 

I . . Portions is arranged between the ir.ne- 

leads and the die pad. 

Furthermore, a resin-encapsulated , 

psuiated semiconductor device 

" aCC ° rd " Ce - — —on is . resip . 

en=ap sul ate d CSP typ e S «„ lcondu ct or de v iC e in „ hich . " 

S — - ce „ ith a two . step U " 

r etcning process 

in a manner that a thickness n * ■ Process 

i-nj.cjcness of inner leads i «: 
that of the * tanner than 

cne lead frame and which <• ^ 

S enca Psulated with an 

encapsulating resin in w 

5in in such a 
cllKe , n a manner that i t is 

substantially rv>*> s 
Aaii y the same as thar „ 

tn. a e ad frame • CM P in 

thle. r„cau di „ s .. inner 

thickness «1„ thin that ln « ■ 

*~ bl a„ k ,„ d b ^ °' 

W Ua d s . ' '""^ ~" » <>« 

lcaQ s and also h*on«« 

being adapted to be electron 
connected to a „ electrically 
'-tea to an external circuit- *k 

being disn ft « , terminal columns 

«-ng disposed outside of the , 

that they ... , l6adS in SUCh * ~nn.r 

tney are coupled to 

inner leads in a directi, 
ortnogonal co thicJcness-wi Se dl 

•terminal co^-rns beino ^ th6re ° f ' th 

* "ivunted on the c..rr ara 

tne su..ace opposite th 
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*u.,ace of the lead frame on which ,h 

ie „ ftich the semiconductor dev - 

as mounted, the terminal r«! 

erminal columns having terminal po--^- 
arranged on their tips- th* r P°~*or. 

tips, the terminal portions k^-- 
solder, etc. and b6in9 made c 

exposed externally - h - OUQh „ 
5 encapsulating resin c k -«-otflh the 

9 eS1 " SUCh th « the. terminal column, 
exposed external i columns are 

externally through the encapsulating resin at th • 
sides; the semiconductor chip oein 

inner i eads bv . * P being nou »ted on the 

by bumps arranged ^ 

semiconductor chin „ surface of the 

chap, ana tne semicond 

electrical! v/ nip b eing 

lly COnne «ed to the inner leads. 

AIso ' a resin-encapsulated semiconductor h • 

accordance with th device in 

warn t h e .... 

present invention is a 
encapsulated c<;p ... resm- 

CSP type semiconductor device in uh • K 
frame shaped in . hiCh a le ad 

P d ln acco ^ance with a two-step 

in a manner that a thick 9 Pr ° Ce " 

a thickness of i nner leads 

that of the l eart * thinner than 

6 ae ad frame and which 

9 lntea «lly connect . 
-nner leads and also beina . C ° the 

oeing adapted to be e w • 
connected to an external ■ Metrically 

^ing disposed outside o^, ' the terWinal 

* che inner leads 

SUwn o manner 
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that they are couple(J to the inner ieads ^ ^ 

ort„o,o„ al to thic k ness-„ise J 
terminal columns being mcunt . d on ^ ^ 

"rfac, of the lead frame on which the semiconductor dev-e 
» -unted. the te „ inal columns „ aving ^ ^ 

«r.„ 9 ad on their tips; the terainal pertions 

~t.rn.lly throu,h tn . encapsulating „ . ^ 

tips thereof; tna semiconductor cMp balng ^ ^ 

inner leads by bu „ps arran?ed on !uiface ^ 

the semiconductor chip be i„ 9 electcically connected to the 
inner leads. 

in the resio-encapsulated csp type package _ ^ ^ 
'eads each have . rectangul>r cross . sectional 
includin, four £aces raspectively proyided a 

surfece, a second surf a ce, a t>«-d surf.,. 

w..__a surface, and a fourth 
surface, the first .,,,,„ K • 

surface b ein, opposite to the second 
-face and «„.„ Blth 0 „ e ^ ^ ^ 

, "» — a! that ef th . 

ft.™ blank . and th . tMrd and (oucth surfaeM ^ 

""in, . concev. sHape depressed towerd the inside of the 
inner lead. 

Meanwhile, the CSP tVDe « M . 

*r type semiconductor devices as used 

herein generally means resin ^ 

resan-encapsulared semiconductor 
oevices encapsulated with a ^ 

" an encapsulating resin i n a 
m »nn r that each of -v.^ 

-••e resulting structures i s 
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- « , dlrections except in a dirwion o; 

The r««„-e„c.p Sulat . d sel „ ic<)nduct . oi ^ ^ 

t he Pr e Sent inv . ntion „ eans a semiCOTduc ;"°;;" c ; 

employing a lead *v °ewce 

aeaa frame amono th* 

9 the de fmed CSP tyoe 

semiconductor device. 

in the CSP type semiconductor ^ 

the terminal portions made of solder are formed 

io.med on each of 

the terminal columns and is external J „ 

encapsulating resin b " fr °» th < 

necessa^l ^ <° ™ 

necessarily need to be protruded f-om the 

"sin. More over if ne 

t . ■ necessary, the outside 

terminal column which i« 

which is exposed externally from th . 

encapsulating resin may be covered wi-h 

by nea^ * 3 protect ^e frame 

Dy ne ans of an adhesive. 

(FUNCTIONS J 

"" n -"«P«l«.d .e»lcond U etor device ln 
accordance with th^ ~ °evice an 

«n increase in l 

ln the number of te^,-^, 
. terminals and ha«s 

r " 2ed structure and thus *n 

At this time s — « 

by p ress „ orkln9 o _. f 

o. u.;„o a TO ,o-:. y . r , d lead 
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shown in rj„ 11k . 

-ig. lib is not required -w* < 

as s« J- " iS no Problem sue- 

as bending or coplanarity of the oure , 

nr ° Uter leads due to tVs 

Process. More particularly, tne use 0 . a . 4 . 
fr am * Kultapinned lead 

*ra me shaped in a man ner that inner leads nave a -hi- 

5 «Mll.r than that of the lead f 

tne lead frame blank by a two- s -*n 
etching process, that is tll • P 

fin . ' lnner leads •« arranged a- a 

fine pitch, can meet » a ■ 

meet a demand for an increase in the 
number of - the P in 

° f the semiconductor device M n «« 

lce - Moreover, as the resin 

encapsulated semiconductor device is f „ • 

manner th.- it « fabricated in such a 

tft a. it i S equal to that a semi™ * 
size „ K semiconductor chip in 

(nna , Jn adaition, each of -he 

inner lear)«s f ■ ~ ne 

5 fab "«>ted by a two-step etchin„ 

•»»«■ «». 8 has a ' ■ " 

-dudin, four 1 "' UlSr "~ — shape 

surface a P-ovfd.d Blth . £irjt 

s second surface, a third surface and , 
surface, the first surface oei 

-face and f lush ttlt „ /„ " T ° » «- ~ond 

- «* i- h „: ; ° f tb * r — ' 

i , thic ^«s as that of ,h 

lead frame blank, and the thirH 

tne third and fourth «„rf.. 
h.vi„ 9 a concave shape dep-essed t 

inner lead Th '"'^ " C =»« 

lead. Thus, the second .»..# 

flat M • ^ ° f 6ach inn *r lead is 

-iat, and is excellent i- „,-^ . . 

— w ire-bonding prope~v 
as t-k» c ■ F r=- -y • Moreover 

* SUrf> « °< ««h i„„ar iead < s f ,. t . d 

third and fourth surfaces „. ... 

°- ->ie inner leads «,-k u 
concave s ea cn have a 

-a\ e shape oepressed toward 

3rc " ne insi °e of the inner 
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lead, the inner leads are stable an n 

* stable and wider in their width. 

Furthermore, i n the ro*,-~ 

resin-encapsulated semiconductor 
oev.ce in accordance with the presen- ■ 

,e P r esenu invention, a 

semiconductor chin < 

arranged on one surface of th. 

«ace of the semiconductor chip, and rhe 

semiconductor chin ar >w «-v 

chip and the ln „er leads are electrical y 

connected to each other Thus 

r . ThUS ' Wlre Endings are not 

required, and also bondincs can k b 

95 be carried out in a lump. 



f EMBODIMENTS J 



Embodiments of th*» 

«P^»«d semiconductor 

device in accordance with 

with the present invention will now be 

described with reference to r- 

e-erence to Figures, l. First f . 

embodiment is shown in Fig. 1 Fia la . ' " 

view of , " 3 Cross - se «ional 

Mew of the resin-encaosulated , 

ac . orri . ' t6d ^conductor device 

according to the first embodiment of the presen, • 

"9- lb is a Cross s . PreS6nt inve "tion. 

leads t „ Cr ° SS - Se — 1 ^ of each .f the inner 

a cross-sectional of each of , " 

along the , . ermi " al C ° Ws vie » taken 

long the l ine B1-B2 of Fig. la . In 

numeral 100 depicts a resin ,n 

dev- e ,, n "^"-encapsulated semiconductor 

e^e, no a semiconductor chip, 2 „ „ Vffl , 

a fi . st . frame ' 131 lan " ^ads. niAa 

fi-st surface, l3lAb a second 
. m second surface, 131Ac a third 

surface, 23IAd a fourth 

- n surface -» t -a 

a ~e, i33 t riaina i columns, i 33A 
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In the resin-encapsulated 

H^uacted semaconductor 



according to th* *• """" device 

9 to the fi rst embodiment - <- 
5 no ,• °iment, a semiconductor dev-: - e 

— th e. electrMeportiOTs ;; e 

of the semaconductor chap no * 

cnap no are arranged between -h 
inner leads tk lween ^ne 

*eads. The semiconductor chip no is , 
connected to th. . - electrically 

to the second surface 131 Ab of the tin . 
i ead m . The 

encapsulated semicond ^ °' ^ r ^ 

semiconductor device 100 to an 

circuit is a ^K- external 

S ach ^ved by mounting the rmmi 

semiconductor device 100 ""-encapsulated 

evice 100 at terminal — • 

^herical solder on Md- ° f S ^ 

soaaer on a printed ci-em- <• w 

^ame 130 used in th «*«r«.. The lead 

"sed an the semiconductor device 100 
««• first embodiment i s made . t0 

3pe as sh °wn in Fie 6 * , 
shown in rig. 6a , th Fl9 ' 6a - As 

>-ne aead frame 130 has <„„~ 

sh *Ped to have a tM „ " leadS 131 

a thackness smaller than *u 

s 136 serve as a 
encapsulating with . • When 

9 "ith a resin. Moreover s hk 
-rame processed k although the lead 

Processed by etching to have a sha n. 

, . f trie lead *^am*» 

Wted to such a shape as DO • 

i . Portions other than th. • 

«« the t .« M1 C0Jumns 

Th. ina er ... ds ,„ . * " ?0S " a « be 

- >>•« S Richness ef whereas 
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the portions of the * 

1 tfte lead frame other than rh. • 

131 have a thi^ ln " er Ieaos 

thickness of 0 .1 5 mm COfresDO .. 

thickness of the lead , Responding to the 

the lead frame blank. The tips o- -s e , 
leads have a 'in* " 6 Anner 

a iane patch of 0.12 urn so * c 

5 increase in th SO SChieve a « 

« the number of terminals for « • 
devices tk semiconductor 

*" The S * con * face denoted by the ref . 
"lAb is a surfa „ y * refe «nce numeral 

a surface etched, but havinn . 

. Profile, so as to ai, -*>sta„tiall y flat 

as to allow an easy wire boding ther 

third and fourth faces 131* The 

aC6S 131Ac and 13lAd have a eon. 
depressed t-«. ^ concave shaoe 

P-essed toward the inside of th. , 

e or the associated -nn a ^ ! 
respectively T h( e r lead ' 

y * This structure exhibits a hioh 
though the second - ' 9 strength even 

second face (wire bonding surface) im 
Also, Fig. 6b is _ ern Ur ' aCe) ls ""row. 

o is a cross-sectional view takpn w 
C l-C2 of Fi a * 6n With the line 

6a. The reinforcing cape ng0 . 
*i*edly so as nor . * attac "ed 

33 not to "use twisting in th* • 
»*°> ^ the i„ ner leads are s 9 th « — ^ads. 

f-e fabricated by etchin " * ^ 3 1 " d 

°y etching to havA - 

9 * 6a . Therefo-e a*-»,- 
lead ' raffie • a.wer etching the 

a a -rame m a state where rh. 

. 6 c - ps of the inne- 

::xea " ,e - leads ar<» 

to .he connecting po? . ion 

U-=> as shown i n Fig. 
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the inner leads 131 are fixed w , th 

160 as shown in Pig. 6c(i ,, The ' 

_ 0C U.). Then, the connectino 

Port.on 23ib unnecessary for the fab-i • 

y *or tne fabrication of the resin 

encapsulated semiconductor device ar. re „ oved „ 
c °- e removed by means c' a 

5 PreSS as ^own in Fig. 6c cm, and 

is then 8 Semicondu ='or chip 

then mounted on the lead frame. la Fig . 6c(ii) 

Ei-E2 shows the line to be cut by a press. 

A method for the fabrication of the resin . 

semiconductor device 

uevice will now be desmK^ • 

oe aescribed m brief. Firs- 

as shown in Fio , 

an etching and from whirh r* 

-ed by a cuttin ^ a " portions are 

y a cutting process, i s arranged in a ma 

thin tips of th • that 
ps of the inner leads a ^ • 

Moreover i* the . d "*"* d "P^rdly. 

*' a * the inner leads a~e • 

-P« of the inner leads are K 

* by a P oi y^ide tape, as 

required. Then, the surface e * fh 

110 hav - semiconductor device 

"0 having electrode portions m fo _ d th 

directed downward, ' th "* 0B is 

downwardly, and locate(J on ^ 

manner that the electrode portions are 

inner leads 131 Then h " "'^ th. 

' Semi ^nductor device 110 is 

—ted fiddly on the inner leads 

, eaas °y means of an 

insulating adhesive 150. 

Then, as shown in Fio *k 

ra 9- 5b, the electrode portions *ro 
eler*r^ a n. ^ * LAOns are 

^ec^ncally connected to rK. 

y w ^res 120. Subseouentlv „ 

■ encapsulation is carried out 
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with the conventional encapsula-inn 

^wa^uia.ing resin 140 =>~ 

- su= h an .ncaps ul a tio n wi:h th . ^ ^ 

out using a desired - 

Id « a Mnner t „ 3 = th. «,„ surface 

°- «h. c.rminaa columns ia s „„.„ hit p . otruaed 
5 from ■» w P-otruded exter.-.allv 

from the encapsulating resin Th.n 

g resin. Then, unnecessary port«o-« 
the loan * " --o..s cr 

while forming side*: i «n * 

9 sides 133B of the terminal columns 130, as 
shown in Fio. 5 d t„ fh - 

' ^ th " ^ is preferable to 'o-m 

Previously the cutting i ine in th , 

cu-fno p ^ for e «y 

cu.t^ng. Particularly thei « . 

etching of the i * 

* tne ^ead frame results -u 
t<me Th. * . "suits in the saving of 

u.me. The dam bars 136 

1 M - * Portions 137, etc. of tne 

lead f^e no as shown in rio < 

. , " rig ' 6 a ^e removed. Next 

terminal portion 133A made cf sold.- • 

outer surface of e s " °° Che 

-ace of each terminal column to fabricate a resin 

encapsulated semiconductor device The 

"3A serves to facil ■ terPi " al P ° mOB 

to facilitate connection of the ",..« 

encapsulated semiconductor device to an 

*t bas net necessarily need t CXternal CirCUit ' 

y need Co be arranged. 

A method for or-u. 

• tehla « th e lead f ram e o* the «, 
embodiment will now be desc . ibert . fl " C 

- described ln conjunction with fios 

8a to 8e. Figs 8* , 9 

S5, 8a to 8e a-A , _ 

ing sequential steps o* -k. 

---s. embooiment shown i n 
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ri 9* 1. In particular 

ocular, the cross-sectional views of r,~ s 

8a to 8e correspond to a cross sec-ion , „ 

Dl - D2 of FiQ _ e " i0n take " al °"5 the line 

™ of Fig. 6a, respectively. In r - os - 

referent 9 8a t0 8e ' 

reference numeral 810 denotes a le*r. * 
c ~ " a Iead frame blank s?na - _> 

5 820B resier 0A and 

resist patterns, 830 first ^ ■ 

xirst . opening, 840 
openings, 850 fir*, second 

first concave portion, 860 second concave 

Z ~' " ~istant layer 

leads ^ inner l6adS ' ^ 13lAb S6COnd faCCS of ^ner 

- respectively. First , . 

-»9 Potassium dichromate as a 

over both surfaces of a lead f " 
nickel i blank 810 made of « «l 

C^ 1 " M- ^ ' tUeta ~ — •■»-■ 
9 oesired pattern plates -h. 

H ces ' -he resist films a ^ 

Patterned to form M • re 

•■o iorm resist pattern* o 5 «, 

'i-s- or> • P^terns 820A and 820B having 

-i-Sv. opening 830 a«w y 

9 ° and sec °nd openings 840, r . SM „. . 

(Fig. 8a). respectively 

f irst opening 830 is adapted 

frame blank 810 ,„ k ^ the lead 

nK 810 to have an etched fi»r k . 

Sickness smaller th * ° f a 

smaller than that of the * 

a SU h,. d frame bl «nfc 810 in 

a subsequent process. The second 

to form h ■ openings 840 are adapted 

to form desired shapes of ties G * < 

firs- leads ' Although the 

f *rs. opening 830 includes a - 

tips o* th. • " f ° rmin 9 th e 

^Ps o. the inner leads 810 a , 

par-i*ii topology generated by a 

Partially thinned portion k 

p-ocess " etCMn9 in a -Sequent 

P-ocess can cause hindrance ^ 

a "ce :n a taping process or fl 
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clamping process for fixing the lead frame. Thus, an a-ea 
to be etched needs to be sufficiently large without beino 
1-ited to an area for forming the fine portions of the 
tips of the inner leads. Thereafter, both surfaces o* -, e 
lead frame blank 810 formed with the resist patterns are 
etched using a <8 Be' ferric chloride solution G - a 
temperature of 57 » at a spray pressure of 2.5 kg/cm2 
The etching process is terminated at the point of time when 

surface has a depth h corresponding to 2/3 of the thickness 
of the lead frame blank (Fig. 8b) . 

Although both surfaces of the lead frame blank 810 are 
simultaneously etched in the primary etching process, it is 
unnecessary to simultaneously etch both surfaces of the 
lead frame blank 810. Tor instance, an etching process may 
be conducted at the surface of the lead frame blank formed 
w~h the resist pattern 820B having opening,, of a desired 
shape to form at least a desired shape of the inner leads 

using an etchant solution. m th«s cas * r » 

tn.s case, the etching 

process is terminated after rt K-»< • 

after obtaining a desired etching 

depth at the etched inner lead fo-mino 

° IO -">ing regions. The reason 

why both surfaces of the i*. h * 

tne lead frame blank 810 are 

simultaneously etched, as « r, -w 

ea, as . n this embodiment, is to reduce 

the etching time taken < n a -> 

a secondary etching process as 

described hereinafter 

♦•ie total time taken for the 
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primary and secondary etchin, processes i» less than 
«•*- in the case of etchin, only one surface of the ; e ad 
frame bla„ k on which the resist pattern 8208 is fo-med 
Subsequently, the surface provided with the «-„ ..-.„ 
350 etched at the first openin, 830 is entirely coated w-h 
an etch-resistant hot-melt wax (acidic wax type MS-KB8, T „. 

cover the resist pattern 820A (Fi 9 . 8c). 

I* is unnecessary to coat the etch-resistant layer 880 
ever the entire portion of the surface provided with the 

resist pattern 820A. However ■ 

However, lt as preferred that the 

etch-resistant lav»r aan u 

layer 880 be coated over the entire portion 

of the surface formed with the f <r « 

tne f.rst recess 850 and first 

opening 830, as shown in Tic 8r 

rig. 8c, because it is difficult 

to coat the etch-resistant ^ave- B«n 

-aye. 880 only on the surface 

P-ion -Cludin, the first recess 880. , lt hou S h the 
•"h-r.aiat.nt layer ... „.„ <mployed ^ 

an alkali-soluble wav 

lubl. wax. .nj, suitable wax resistant to the 

«chi„, action of the etchant solution and r.m. inl „ 9 

the etch-resistant layer 880 

yer 880 ls not limited to the 

above-mentioned wax, but mav k« ~ 

fly bC a Wax °-' * ^-setting type. 
Since the first recess 850 e-~hert k 

e^ned oy Sae primary etching 
Process at the surface 'o-rr-n • 

wine pattern adapted to 



M-55S9 US 
5-8207 



form , desired sh a „e of th , ^ ^ ^ _ ^ 

with th. etch-resistent layar eeo , it is further etrtM 
i« th. follouln , seco „ dary ecchin9 ^ 
.tch-r.sisc.nt layer „ 0 also enhances 
«r.n,th of th. a. ad frame blank £or the et£fcira 
Proc.ss. th.r. by enabu „, the sacond etchinj procesj jo 
conduct.d whll . keepi „ 9 , Mgh accur>cy _ ^ ^ 

P0..1W. to . nabla . secona atchant soiution ^ ^ 

« « incre.sed sprayi „, pressure _ 2 ^ ^ 

« in the secoMary e:cMng process 

•pr.yin, pressure pro „ otes cha ^^^^ ^ etchi ^ ^ ^ 

direction of the thickness of -he ...h . 

-he le a d freme blank in the 

«=ond aiy .tchin, ptoC ess. Then, the i..d fraiTO blank 
subjected to e seconder, etchin, procass . ,„ ^ 

secondary etching process rh. , * 

9 process, the lead frame blank 810 is 

etched at its surface formed with the firs, . 

. 1 tne "«t recess 850 

2 *' • «« «C.d bottom SU rf a ce. to com pl .t. ly 
tips 890 of th. i„„ ar laads , Fi9 M) 

The bottom surf.c. 8,0 of e aC h recess formed by the 
P'W y etchin, procass and ^ ^ ^ 

lead frame is flat. However h nf K • 

owever, both side surfaces of each 

recess positioned at o Pposite sides Qf 

w - tn e Dcom surface 

°'U have a concave shaDf* 

^aoe depressed toward the inside of the 
inner lead. Then, the „ 

lead frame blank is cleaned. After 
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completion of the r-i*. ■ 

the cleaning process, - he et _ 

•layer 880 ,m etch 'resisz &r .z 

y ' and resist films (resist Ba ~ 

a „ e t-es.st patterns 820A and 8203) 

are seouentia.i,. c ^ ua ' 

-uentiailj, removed. T ,,us, a lead u 

structure of r io « • * haVin ? a 

e °* fig. 6a ls obtain 

5 w r-ch tips 690 of - 

arranged at a fine pitch The 
err-K H The removal of -he 

etch-resistant layer BfiO „nH ' 

yer 880 and resist fii ms (resist 

and 8203) i s J P«tte.ns 

s > is achieved using a sodium k 

. .. solution servino to h ■ , hydroxide 

ervmg to dissolve them. 

™»e etching method in whirh ^ 

^ 6tChin9 is 
at two separate steps, respectively as H 
above, «- a - n- , lively, as described 

-s generally called a » two . stan 

This etch'm, u ' etchin 9 method". 

Ch *" 9 method " adv antageous 

Oneness can be oh, ■ 3 deSired 

" De obtained. the er^»,,- 

fabricate the l ead f " "" d t0 

e lead f ra me 130 used in 

uj>ea in the nrecAn«- •• 

and shown i n Fi os * Present invention 

Figs. 6a and 6b involves the -wo „ 

~««" and the method for fo-mi 

Ior forming a des-r^H 

*<»<> f.«. portion uhil . .. d . Sh * Pe °' " ch 

ormed. In , ceord 
««"es S of the tiD the * bove -«•« th. 

e a fineness cor-^n«^' 
^dth Kl of 100 In, an n "responding to a iead 

or 100 _m an d a tip Di . oK 
••n -■ Pl-ch p of 0.2 5 mm ac 

- a Fi - Be. m the case of us .- no " ^ 

a small blank thickness t 
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«o ft» inner l4ads havin , . finenMs correspondin9 ^ ^ 

1«- PitO p e . 0f ceuise _ it mv ^ 

P~.ibl. to fMB inner lMds hayin? a furth<i rMgsM _ 
• P"ch by asjusting th , Mank thicknesj t ^ ^ 

in the =as. „„.„ tuiIting of ^ ^ ^ ^ 
occu.- in th . flbrieati „ g ^ s ^ ^ 

::r r u * ds - — *» — — . . lead tum 

l-lu.cr.t.d in Fig. 6a c a n be direct. y obt.in. d „ 

y ootained. However 

;r* the innei ie " s "* io - - — « - Pared » 

o, th. „ r . t enbodi „ ent _ inner ^ 

tendency for the 9anarati<>n tuis . 

^ wn 9 ( Thus, m this 

«... the laad frame i5 obtained fcy etchin9 ^ ^ 

J • connectin, „ erebaI m . as shou „ in ^ ^ 

zne connecting member nm 

member 131B, unnecessary for the- fabrication 

°* a semiconductor Daelt*n- «- 

„ w P^kage, is cut off by means of a press 

In the case of fabricatina a i«h * 

CaClng a lea ° -'rarne 230 having a 
die pad 235 as shown in r, -n 

snown in Figs. 7 a and 7b. the * 
b °' cne iead frame may 

°e shaped bv «frh(«. 

K oy etching m a state wh*r. » 
231 H . here 3 connecting member 

is arranged on the tips of -s. • 

lps directly to the die oad as ck 

P ' " Sh ° Wn in «g. 'c(I). Then, 
"••necessary portions in the shaoed i.- d . 

• ec -eod frame rr.ay be cut 
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off. Moreover, rig. 7b i s a cross-**,- • , 

cross-sectional view 

along the U ne hi r->r> ^ 

>»°w S • cuttin, a,. e . After tl; , ,„ ner - 
arrnr . aeaas ar * plated ir 

: cuto ; f - 9M ; 0 ;; i : 
; h no platin ' — « a e Scrib . d abov ; 

where unnecessary portions in th 

6 „ Portions ln the structure shown i„ Tig 

::::;;;;r: ; bt r th * ^ - — • 

r -9- 6a, a reinforcing ta D e i *n / 

< c „ (a Poiyimide tape) 

is generally usert = . w teJ pe; 

y USed ' as ^own in Fig. 6e<«*U e< 
reinforc^n -an. ■ , 6c <~i>. Similarly, the 

-Pe is also used in the case of cu - tino „ 
unnecessary po-ti ft nc „• 

Po-t.ons m a structure shown in rig. 7c . While 

COnn *^ng -ember 131B is cut D . f . _ 

to ob-ain , k 7 3nS ° f a P re « 

o^am a shape shown in Fig. 6c(i<<) a _ . 

c s<n <• semiconductor 

? " m ° Unred on the lead frame ,.«,, k 
reinforcing - aDe ^ haVin * the 

-"9 ^Pe attached thereon. Also the 

semiconductor chip is " ,OUnted 

C "*P s encapsulated with a -resin in 
condition where the lean , * 

the lead frame still has the tape * 

tiP 13iA of -ch inner lead of the lead f 
in rh^ - -lead frame used 

the semiconductor device of this «... emb rf . 
cross-,.,, • , embodiment has a 

sect.onal shape as shown i„ Tig 9(J) Th 

has an etch*H „ The ri P 231 * 

an etched flat surface (seeonw 

isecond surface) m»u . . . t 

« width Wl s w oh ., b Which n «s 

n Wi s_.ghtly more than f K. 

cnan the width K2 of an ««« 

surface -k* -i • opposite 

-*ace. rhe widtns wi and w? / l. 

(about 200 -™> are mo^* f , 
the width W at the centra i aa ■ 

- POrtio " of the tips when 



viewed 
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in the en r p ( — < ^ , 

-reckon of the inner Iead thickness 

of the inner lead has a c.ss-sec- , 
Qppo.'-. . . S secti °nal shape having 

oppose w ide surfaces. To this end ., tha „ 
. ha . ena ' "-though either o' 

the opposite surfaces of th* - ■ 
5 tlp 131A "n be eas-u 

CleCtriCally C ~d to a semiconductor chip (n 
°y a wire 1 20A or 120B this k ' ' h8Wa) 
of th embodin.ent illustrates the .... 

of the etched flat surface fn , • 

Fxg.9, a reference numeral i 31Ab depicts an 

etched flat surface, m Aa a e , P * 

c # JJiAa a surface of a loan * 

anrf 101* ad f «me blank 

ana 121A and ]?ia „ 1K ' 

iti-a, respectively -> , 

Vei y' a Plated portion r n -k 
«se of Fig. 9 (ii )a/ there is M K ln rhe 

' tnere ls a Particularly exwiu 
bonding propertv * w e ^ellent wire- 

P Perty ' as the etched fi at Sur , aro „ 

roughness. «g. 9(111) sh d ° M " 0t hav * 

9-»Un> shows that the tin <nir * . 

lead of the i M „ , ° f the inner 

lead f^e fabricated according to the n 
illustrated i„ rig . „ " B t<? th * proce « 

m this case h ' " 3 

-P S31C of t ' b ° th ° PPOSUe — - -e 

C of the mner lead a - e k 

- - * . v;;r' * wlath 

thickness, m add4 ,. the lnner l«d 

" a acli 1 2 on r r> - w 

•»«.« .« tIP 931c . ; " " both th < — • 

p »Jic are formed of S ur'»/.., * 
f «me blank th. spaces of the lead 

tnese surfaces have an inf. 
P~pert y as compared to that o* h ' 

6 of 

embodiment. Fig. 9(iv , 

«P 9 310 or 93 l £ , obtained by ^ ^ l »* 

a mea-s „ ~ -sickness by 

ca,,s °- a press and t^n w y 

w " en b y etching -s -hr^w ^ 

-s w_ -bonded to a 
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semiconductor chip (not shown,. Ir , h «, 

in tnis case, howeve- - 
pressed surface r,f • ' ° 

"ace of the inner lead tip is no- 

Thus, .he wire-oondmg cn either of the 
opposite surface* ^ 

" " ' t " m ln »«»)•• or fie. S( .Vb 

o-ten resuits i„ an insufficient re-bonrf< 

• Prooiematic q „., ity . ° Dd " 5 "'""^ >"* 

A "odiffcation to th . r.si„-.„ e . psulated se „ icenducto . 
-ice of the „„ t embedi „ ent wiu ^ dMcribM Fig 

is a cross-sectional view Uiu.i™ • 
- h . »«u«tratang a modification to 

" ln ' enCaPSUlated semiconductor device of th . , lr „ 

embodiment, and Fig 2. K 

2C Sh ° WS an ^PPearance of the 
semiconductor device i„ a , 

oevace in accordance with -he mori,-*-- 

Fig. 2c (in ■ edification. 
?• 2c(ii, ls a view ^ 

irom th e bottom of the 

semiconductor device r<„ o 

wcvj.ce, Fig. 2c fl) <e = * 

a fr °nt view of the 

semiconductor device r-- 

device, and Fia. ?k ; t . . 

of a - erB H . «oss-sectional view 

a .ermmal column taken at a Dos -... on „ 
«»• line Al A2 . Po«-.o« corresponding to 

ine A1-A2 of Fig. 1- wu 

semiconductor device 

z : to the modi,ic " ion is di "— - - - 

"rst embodiment in termini 

P«»o„ s at their POrCi ° n 133A - ^ 

resin no. The surface of the tir. „, 

is pa . ted . „ " °' " Ch Portion 

•»».«.- warn soider. Thus . mount 

"c.psuiat.d semiconductor device the „ 

CVice - the solder is t,^<t- 
««**b«.d threueh an ope „. ™'~*y 

ce J00A 0= this modi*i r ..,. 

-ica.ion is identical to that of 
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the first embodiment except for the w , 

*«e cermanal portions 2^: 

"sin-encapsulated semiconductor device " 

accordance with a second embodiment via n-w 

Fi ?- 3a is a eras, ° 6 0escribe <* 

cross-sectional view of a rM i„ 
5 semiconductor device "^"-encapsulate 

6ViCe a «ording to the second emh 

Ja, and Fio. 3r /t» 
cross-sectional view S a 

line _ of ^- - ■ ::rr;r the 

<*Pf=ts a resin . reference numeral zoo 

resxn-encapsulated semiconductor 
•^conductor chip, 230 , t . eV " 6 ' 230 • 

»«• a first .„ , ' 2 " in " er J ««'- 

first surface. 231Ab . 

<»«d s urface , „ rf *«- »«e a 

columns, 233A , ' 233 terminal 

* terminal portions, 2339 sid „ „. 

*<° « oncapsulatin, resin 250 " " 

"0* an . dhesiv . ' , ' "° " ^'^9 adhesive, 
aunesive, and 260 a t-*<~* 

° f the second embod • "P.. In the case 

nd embodiment similarly to th . . 

embodiment, the * 01 the first 

c ' the semiconductor chip 210 i« » 

—r that the surface on H< " 8 

*uirxace, on which eler^^ 

21 * -re formed ^^rode portions ,p ads , 

6d ' 15 bunted fixedly on *h. • 
^ means of the , , leads 23 * 

the insulating adhesive, while the , 
Portions 2ii flr * the el ectrode 

^11 are arranged between • 

— e portions are elect-ic ^ ^ ^ 

««.ca, 231Ab of , o ; ~* « «- second 

he iR ^er leads 233 , 
has the die pad 236 „ . . 

--s msrde. The electrod 
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portions 221 are arranged between the inner leads 2*1 
the die pad 235. Moreover, in the second embodiment 
similarly to the case of the firsc embodiment, electrical 
connection of the semiconductor device 200 to an external 
circuit is achieved by mounting the semiconductor device 
200 on a printed substrate by terminal portions made of a 
semi-spherical solder and arranged on the tips of the 
terminal columns 233. In this embodiment, a conductive 
adhesive is used to adhere the semiconductor chip 210 to 
the die pad 235, and the die pad 235 and the terminal 
columns 233 are connected by the inner leads to each other, 
thereby dissipating heat generated in the semiconductor 
chip through the die pad. Also, the adhesive 250A 
necessarily needs to be conductive. However, where the die 
Pad and the semiconductor chip are connected together by 
*ear.s of the conductive adhesive and the die pad is 
connected to a ground line, it is possible. to not only 
obtain a heat dissipation effect, but also to .solve a 
problem associated with noise. 

Similarly to the lead frame used in the first 
embodiment, the lead frame 230 us'ed in the second 
embodiment is made of «2% nickel-iron alloy. However, as 
shown in rigs. 7 a and 7b, the lead frame 230 is shaped to 
have the die pad 235 and the inner leads 233 having a 
thickness thinner than that of the terminal columns. The 
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terminal columns each have a thickness of 0.25 nur.. ~~ e 
inner leads are arranged at a pitch of 0.12 mm, thereby 
meeting a demand for the increased terminal numoer of the 
semiconductor device. The second surface 231Ab of each 
inner lead is flat, such that is easy to wire-bond. The 
third and fourth surfaces 231Ac and 231Ad also have a 
concave shape depressed toward the inside of the inner 
lead. This structure exhibits a high strength even though 
the second face (wire bonding surface) is narrow. Moreover, 
the fabrication of the resin-encapsulated semiconductor 
device of the second embodiment is carried out in 
accordance with substantially the same process as that of 
the first embodiment. 

For example, in a modification to the resin- 
encapsulated semiconductor device of the second embodiment 
an opening 233C is formed on the tip of each terminal 
column 233 as in the modification to the first- embodiment . 
The opening is protruded externally from the encapsulating 
resin 2,0 such that the tip having the opening serves as 
the terminal 233A. 

A resin-encapsulated semiconductor device in 
accordance with a third embodiment will now be described. 

Fig- <a is a cross-section* i 

cional view of a resin-encapsulated 

semiconductor device in ar,- n ^ 

^ accordance with a third embodiment, 

and Fig. <b is a cross-s.f.^.,, 

Seconal view of an inner lead 
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taken along the line A5-A6 of rig. < a . Also, Fic> <= ,., , s 
a cross-sectional view of a terminal column taken along the 
line B5-B6 of Fig. « a . In Fig. 4, a reference numeral 300 
depicts a resin-encapsulated semiconductor device, 31C a 
semiconductor device, 311 pads, 330 a lead frame, 331 inner 
leads, 331Aa a first surface, 331Ab a second surface, 331Ac 
a third surface, 331Ad a fourth surface, 333 terminal 
columns, 333A terminal portions, 333B sides, 335 a die pad, 
3^0 a encapsulating resin, and 360 a reinforcing resin! 
Unlike the first or second embodiment above, the 

semiconductor device 3nn < „ : 

lce 300 in accoroance with this third 

embodiment includes bumps 311. The bumps 311 are mounted 
fixedly on the inner leads 330 and electrically connect the 
semiconductor chip 310 and the inner leads 331 together. 
Similarly to the first or second embodiment, electrical 
connection of the semiconductor device to an external 
circuit is achieved by mounting the semiconductor device on 
a printed substrate by terminal portions 333A made of a 

semi-spherical solder and fl rr,^ 

r and ar «nged on the tips of the 

terminal columns. 

Similarly to th*» * 

y to tne lead frame used in the first or 

second embodiment, the lead f ra ^ 

ieacj frame 330 used in the se 

embodiment is made of 42% nir^i < 

nickel-aron a-ioy. However, the 

iead frame 330 is shaped to h 



cond 



-eacs having a thicknes 



ave the tips 332A of the inner 
* thinner than that of the terminal 
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10 



15 



20 



25 



columns, as shown in Figs . 6a and 6b ttrmiM _ 

333 ar. to the i.ad frime bJlnlt in thick „ ess ^ ^ 

tips 331* of the i n „. r leads arc „ jj, th . ck _ __ he 
remaining portions other then the tips 331A of the <-ne- 
1— . «e 0.15 mm thick, soch thet.the lead frame „ a s . 
*tren 9 th sufficient to withstand the subs. g „ent processes 
Ih. inner Led, ere arr.n.ad et . pitch of 0.12 mm. thereby 
-etin 9 a defend for the increased terminal „ umber ef th . 
semiconductor device. The second surface 331Ab of ea-h 

The third and fourth surfaces 331Ac and 331Ad also have a 
concave shape de p t « ssed „„„„ ^ ^ ^ ^ ^ 

lead. This structure exhibits a high strength even thou,h 
the second face (wire bondin, surface, is narrow. Moreover 
the fabrication of the resin-encapsulated semiconductor 
device of the second embodiment is carried out in 
accordance with substantially th. same proc.as es that of 
the first embodiment, except that th. semiconductor chip is 

mounted fixedly on the di* * , , 

y n tne die pad, followed by encapsulation 

with the encapsulating resin. 

Tor example, in a 

m a modification to the resin- 
encapsulated semiconductor device «f -* 

aevace of the third embodiment, 

an opening 333C is formed on the -< n 

tne .i p of each terminal 

column 333 as in the mod-"i 

m °d..ication to the first embodiment 

as shown in Tig. 2 . The ooeVns .... 

• - n 3 is protrcaeo externally 



M-5599 US 
9-8207 



fro- the encapsulating resin 3 4 0A such that tha tip bavin 
tha opening serves as tha terminal 333A. 

[EFFECTS OF THE INVENTIONJ 

The present invention provides a resin-encapsulated 
semiconductor device employing the above-mentioned lead 
frame, which is c.p.bl. of meeting . d , m . na ,„ ^ 
increased terminal number and is excellent in mounting 
efficiency. rurthermore. the resin-encapsulated 

semiconductor device in accordance with this invention does 
not reouire a process of cutting or bending the dam bars as 
in the case of using . , ead frame hJving ^ ^ ^ 
"own in Ub . As a tesuu ^ ^ ^ 

encapsulated semiconductor device does not have a problem 
in that the outer leads are bent, or a problem associated 
«th coplanarity. In add i t i on „ ^ 

resin-encapsulated semiconductor device has... shortened 
interconnection length as compared to the OTP or the BGA 
hereby the semiconductor device can be reduced in . 
P«.sitic capacity, and shortened in a transfer delay time. 
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